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POLISHING METHOD AND APPARATUS 
This is a Divisional Application of U.S. Patent Application Serial No. 09/545,504, filed 
April 7, 2000. 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

[0001] The present invention relates to a polishing method and apparatus, and more particularly to 
a polishing method and apparatus for chemical mechanical polishing a copper (Cu) layer formed on 
a substrate such as a semiconductor wafer and then cleaning the polished substrate. 
Description of the Related Art: 

[0002] Conventionally, in order to form a wiring circuit on a semiconductor substrate, a conductive 
film is deposited over a surface of a substrate by a sputtering process or the like, and then 
unnecessary portions are removed from the conductive film by a chemical dry etching process using 
a photoresist for a mask pattern. 

[0003] Generally, aluminum or aluminum alloy has been used as a material for forming a wiring 
circuit. However, the higher integration of integrated circuits on the semiconductor substrate in recent 
years requires the narrower wiring to thus increase the current density, resulting in generating thermal 
stress in the wiring and increasing the temperature of the wiring. This unfavorable condition becomes 
more significant, as wiring material such as aluminum is thinner due to stress-migration or 
electromigration, finally causing a breaking of wire or a short circuit. 

[0004] Hence, in order to prevent the wiring from generating excess heat while current flows, a 
material such as copper having a higher electrical conductivity is required to be used for a wiring 
circuit. However, since copper or copper alloy is not suited for the dry etching process, it is difficult 
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to adopt the above-mentioned method in which the wiring pattern is formed after depositing the 
conductive film over the whole surface of the substrate. Therefore, one possible process is that 
grooves for a wiring circuit having a predetermined pattern are formed, and then the grooves are 
filled with copper or copper alloy. This process eliminates the etching process of removing 
unnecessary portions of the film, and needs only a polishing process of removing unevenness or 
irregularities of the surface. Further, this process offers the advantages that portions called wiring 
holes connecting between an upper layer and a lower layer in a multilayer circuit can be formed at the 
same time. 

[0005] However, as the width of the wiring is narrower, such wiring grooves or wiring holes have 
a considerably higher aspect ratio (the ratio of depth to diameter or width), and hence it is difficult 
to fill the grooves or the holes with metal uniformly by the sputtering process. Further, although a 
chemical vapor deposition (C VD) process is used to deposit various materials, it is difficult to prepare 
an appropriate gas material for copper or copper alloy, and if an organic material is used for 
depositing copper or copper alloy, carbon (C) is mixed into a deposited film to increase migration of 
the film. 

[0006] Therefore, there has been proposed a method in which a substrate is dipped in a plating 
solution to plate the substrate with copper by an electrolytic plating or an electroless plating and then 
an unnecessary portion of a copper layer is removed from the substrate by a chemical mechanical 
polishing (CMP) process. This formation of film or layer by the plating allows wiring grooves having 
a high aspect ratio to be uniformly filled with a metal having a high electrical conductivity. In the 
CMP process, a semiconductor wafer held by the top ring is pressed against a polishing cloth attached 
to a turntable, while supplying a polishing liquid containing abrasive particles, and thus the copper 



layer on the semiconductor wafer is polished. 

[0007] immediately after the copper layer is polished in the CMP process, a polished surface of the 
copper layer on the semiconductor wafer has a high activity so that the polished surface is liable to 
be oxidized. If the polished surface on the semiconductor wafer is left as it is, then an oxide film is 
formed by natural oxidation on the polished surface of the semiconductor wafer. However, such oxide 
film tends to be formed irregularly or nonuniformly because no control is not made of formation of 
the oxide film, and hence the formed oxide film is of poor quality. If the oxide film is left as it is, then 
oxidation of the polished surface of the semiconductor wafer is fiirther being developed. Particularly, 
in the case where copper is used as a material for forming a wiring circuit of a semiconductor 
device, electrical characteristics are changed to produce products inferior in quality. 
[0008] Further, during polishing, a polishing liquid or by-product generated by polishing reaches the 
back surface opposite to the polished surface of the semiconductor wafer and is attached thereto, and 
may possibly contaminate the atmosphere in a clean room. 

SUMMARY OF THE INVENTION 
[0009] It is therefore an object of the present invention to provide a polishing apparatus and method 
which can control the characteristics of a polished surface of copper layer on a substrate such as a 
semiconductor wafer and the characteristics of a back surface of the substrate which is an opposite 
side to the polished surface. 

[0010] According to one aspect of the present invention, there is provided a polishing apparatus 
comprising a polishing section having a turntable with a polishing surface and a top ring for holding 
a substrate and pressing the substrate against the polishing surface to polish a surface having 



semiconductor device thereon. A cleaning section cleans the substrate which has been polished, the 
cleaning section having an electrolyzed water supply device for supplying electrolyzed water to the 
substrate to clean at least a polished surface of the substrate while supplying the electrolyzed water 
to the substrate. As electrolyzed water, anode electrolyzed water is desirable. The turntable preferably 
comprises a ceramic turntable. 

[0011] According to another aspect of the present invention, there is provided a polishing method 
comprising polishing a surface of a substrate by holding the substrate and pressing the substrate 
against a polishing surface of a turntable, the surface of the substrate having a semiconductor device 
thereon, and cleaning at least a polished surface of the substrate while supplying electrolyzed water 
to the substrate. 

[0012] In a preferred embodiment, the electrolyzed water supply device supplies electrolyzed water 
to the front and back surfaces of the substrate. The polishing apparatus further comprises an 
ultrasonic transducer for applying ultrasonic vibrations to the electrolyzed water before supplying the 
electrolyzed water to the substrate. 

[0013] The polishing apparatus further comprises a supply device for supplying diluted hydrofluoric 
acid to the substrate. 

[0014] According to the present invention, the electrolyzed water supply device is provided at a 
plurality of locations from the polishing section to the cleaning section in the polishing apparatus. 
[0015] According to the present invention, after the copper layer of the substrate having a 
semiconductor device is polished, the front surface (surface having the copper layer) and the back 
surface are cleaned by electrolyzed water such as anode electrolyzed water. 
[0016] The electrolyzed water is obtained by electrolyzing pure water, or pure water to which 
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electrolyte is added. The electrolyzed water is classified into einode electrolyzed water having a large 
oxidizing capability and cathode electrolyzed water having a large reducing capability. The anode 
electrolyzed water is preferably used for oxidizing the surface of the copper layer (film) on the 
substrate after polishing. 

[0017] The above and other objects, features, and advantages of the present invention will be 
apparent from the following description, when taken in conjunction with the accompanying drawings, 
which illustrates preferred embodiments of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] FIG. 1 is a schematic plan view of a polishing apparatus according to an embodiment of the 
present invention; 

[0019] FIG. 2 is a perspective view of the polishing apparatus shown in FIG. 1; 

[0020] FIG. 3 is a vertical cross-sectional view of a polishing unit in the polishing apparatus 

according to embodiment of the present invention; and 

[0021] FIG. 4 is a schematic side view of a cleaning unit in the polishing apparatus according to the 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0022] A polishing apparatus and method according to an embodiment of the present invention will 
be described below with reference to FIGS. 1 through 4. 

[0023] As shown in FIGS. 1 and 2, a polishing apparatus comprises a pair of polishing units la, lb 
positioned at one end of a rectangular floor space and spaced from each other in confronting relation 
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to each other, and a pair of loading/unloading units positioned at the other end of the rectangular 
floor space and having respective wafer cassettes 2a, 2b spaced from the polishing units la, lb in 
confronting relation thereto. Two transfer robots 4a, 4b are movably mounted on a rail 3 which 
extends between the polishing units la, lb and the loading/unloading units, thereby providing a transfer 
line along the rail 3. The polishing apparatus also has a pair of reversing units 5, 6 disposed one on 
each side of the transfer line and two pairs of cleaning units 7a, 7b and 8a, 8b disposed one pair on 
each side of the transfer line. The reversing unit 5 is positioned between the cleaning units 7b and 8b, 
and the reversing unit 6 is positioned between the cleaning units 7a and 8a. Each of the reversing units 
5, 6 serves to reverse a semiconductor wafer, i.e. turn the semiconductor wafer over. 
[0024] The polishing units la and lb are of basically the same specifications, and are located 
symmetrically with respect to the transfer line. At least one of the polishing units la and lb constitutes 
a polishing section. Each of the polishing units la, lb comprises a turntable 9 with a polishing cloth 
attached to an upper surface thereof, a top ring head 10 for holding a semiconductor wafer under 
vacuum and pressing the semiconductor wafer against the polishing cloth on the upper surface of the 
turntable 9, and a dressing head 1 1 for dressing the polishing cloth. 
[0025] FIG. 3 shows a detailed structure of the polishing unit la or lb. 

[0026] As shown in FIG. 3, the top ring head 10 has a top ring 13 positioned above the turntable 9 
for holding a semiconductor wafer 20 and pressing the semiconductor wafer 20 against the turntable 
9. The top ring 13 is located in an off-center position with respect to the turntable 9. The turntable 
9 is rotatable about its own axis as indicated by the arrow A by a motor (not shown) which is coupled 
through a shaft comprising the axis to the turntable 9. A polishing cloth 14 constituting a polishing 
surface is attached to an upper surface of the turntable 9. 
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[0027] When the copper layer formed on the semiconductor wafer is polished, in some cases, heat 
is generated depending on the slurry, i.e. the polishing liquid. By such heat of reaction, the chemical 
polishing action is accelerated in the Cu polishing process to cause a change of the polishing rate. In 
order to avoid this problem, in the present invention, a material having a good thermal conductivity, 
such as ceramics, is used for the turntable 9 to stabilize the polishing rate. 
[0028] The ceramics preferably comprises alumina ceramics or silicon carbide (SiC), and such 
material having a coefficient of thermal conductivity of 0.294 W/ (cm x °C) (0.07 cal/(cm x sec x °C)) 
or higher is desirable. The turntable 9 composed of ceramics is provided with a liquid inlet 9a for 
introducing a liquid into the turntable and a liquid outlet 9b for discharging the liquid from the 
turntable to adjust the temperature of the turntable. 

[0029] The top ring 1 3 is coupled to a motor (not shown) and also to a lifting/lowering cylinder (not 
shown). The top ring 13 is vertically movable and rotatable about its own axis as indicated by the 
arrows B, C by the motor and the lifting/lowering cylinder. The top ring 13 can therefore press the 
semiconductor wafer 20 against the polishing cloth 14 under a desired pressure. The semiconductor 
wafer 20 is attached to a lower surface of the top ring 1 3 under vacuum or the like. A guide ring 1 6 
is mounted on the outer circumferential edge of the lower surface of the top ring 13 for preventing 
the semiconductor wafer 20 from being dislodged from the top ring 13. 

[0030] A polishing liquid supply nozzle 1 5 is disposed above the turntable 9 for supplying a polishing 
liquid containing abrasive particles onto the polishing cloth 14 attached to the turntable 9. A frame 
17 is disposed around the turntable 9 for collecting the polishing liquid and water which are 
discharged from the turntable 9. The frame 1 7 has a gutter 1 7a formed at a lower portion thereof for 
draining the polishing liquid and water that has been discharged from the turntable 9. 
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[0031] The dressing head 11 has a dressing member 18 for dressing the polishing cloth 14. The 
dressing member 1 8 is positioned above the turntable 9 in diametrically opposite relation to the top 
ring 1 3 . The poHshing cloth 1 4 is supplied with a dressing liquid such as water from a dressing liquid 
supply nozzle 2 1 extending over the turntable 9. The dressing member 1 8 is coupled to a motor (not 
shown) and also to a lifting/lowering cylinder (not shown). The dressing member 18 is vertically 
movable and rotatable about its own axis as indicated by the arrows D, E by the motor and the 
lifting/lowering cylinder. 

[0032] The dressing member 1 8 is of a disk shape having substantially the same diameter as the top 
ring 13 and has a lower surface to which a dressing tool 19 is attached. The polishing liquid supply 
nozzle 1 5 and the dressing liquid supply nozzle 21 extend to respective given positions near a rotation 
center of the turntable 9 and supply the polishing liquid and the dressing liquid, such as pure water, 
respectively. 

[0033] The polishing unit la or lb operates as follows: 

[0034] The semiconductor wafer 20 is held on the lower surface of the top ring 13, and pressed 
against the polishing cloth 1 4 on the upper surface of the turntable 9. The turntable 9 and the top ring 
13 are rotated relative to each other for bringing the lower surface of the semiconductor wafer 20 into 
sliding contact with the polishing cloth 14. At this time, the polishing liquid is supplied from the 
polishing liquid nozzle 15 to the polishing cloth 14. The lower surface of the semiconductor wafer 
20 is now polished by a combination of a mechanical polishing action of abrasive particles in the 
polishing liquid and a chemical polishing action of an alkaline solution in the polishing liquid. The 
polishing liquid which has been applied to polish the semiconductor wafer 20 is scattered outwardly 
off of the turntable 9 into the frame 1 7 under centrifugal forces caused by the rotation of the turntable 
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9 and collected by the gutter 17a in the lower portion of the frame 17. The polishing process comes 
to an end when the semiconductor wafer 20 is polished to a predetermined thickness of a surface 
layer thereof. When the polishing process is finished, the polishing properties of the polishing cloth 
14 is changed and the polishing performance of the polishing cloth 14 deteriorates. Therefore, the 
polishing cloth 14 is dressed to restore its polishing properties with the dressing tool 19. 
[0035] As shown in FIG. 1 , each of the polishing units la, lb also has a pusher 1 2 positioned near the 
transfer line 3 for transferring a semiconductor wafer 20 to and receiving a semiconductor wafer 20 
from the top ring 1 3 . The top ring 1 3 is swingable in a horizontal plane, and the pusher 1 2 is vertically 
movable, 

[0036] FIG. 4 is a schematic side view showing the structure of the cleaning units 7a, 7b. As shown 
in FIG. 4, each of the cleaning units 7a and 7b comprises a plurality of rollers 23 for holding the 
peripheral edge of the semiconductor wafer 20 and rotating the semiconductor wafer 20 in a 
horizontal plane, PVA (polyvinyl alcohol) sponge cleaning members 24a, 24b having a cylindrical 
shape for contacting and scrubbing the front and back surfaces of the semiconductor wafer 20, 
electrolyzed water supply nozzles 25a, 25b disposed above and below the semiconductor wafer 20, 
and DHF supply nozzles 26a, 26b disposed above and below the semiconductor wafer 20. An 
ultrasonic transducer 26 is provided in each of the lines of the electrolyzed water supply nozzles 25a, 
25b. The electrolyzed water supply nozzles 25a, 25b supply anode electrolyzed water to the 
semiconductor wafer, and the DHF supply nozzles 26a, 26b supply DHF (diluted hydrofluoric acid) 
to the semiconductor wafer. At least one of the electrolyzed water supply nozzles 25a, 25b 
constitutes an electrolyzed water supply device, and at least one of the DHF supply nozzles 26a, 26b 
constitutes a supply device for supplying diluted hydrofluoric acid. The ultrasonic transducer 26 
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imparts ultrasonic vibrations to the anode electrolyzed water to produce megasonic anode 
electrolyzed water. It is desirable to produce electrolyzed water at a place as close as possible to the 
ionic wafer supply nozzles 25a, 25b for thereby lengthening life of the electrolyzed water, i.e., 
preventing a change of concentration of the electrolyzed water. Further, it is desirable to install a 
measuring device and/or a controller for monitoring and/or controlling characteristic values such as 
pH or ion concentration in an electrolyzed water generator. 

[0037] Each of the cleaning units 8a, 8b comprises a cleaning machine in which the semiconductor 
wafer 20 is cleaned by supplying pure water, or anode electrolyzed water and/or megasonic 
electrolyzed water while holding the peripheral edge of the semiconductor wafer 20 and rotating the 
semiconductor wafer 20. The cleaning imits 8a, 8b also serve as a drier for drying the semiconductor 
wafer 20 in a spin-drying process. Thus, the semiconductor wafer 20 which has been polished is 
primarily cleaned in the cleaning units 7a, 7b, and the semiconductor wafer 20 which has been 
primarily cleaned is secondarily cleaned in the cleaning units 8a, 8b. The purpose of supplying 
electrolyzed water to the surface of the substrate in the respective cleaning units and the reversing 
unit is to form metal-oxide film on the surface of the substrate. Further, the purpose of supplying 
DHF (diluted hydrofluoric acid) to the surface of the substrate is to dissolve metal-oxide film on the 
surface of the substrate and remove it therefrom. By supplying electrolyzed water or DHF at desirable 
places in the polishing apparatus and/or a desirable timing according to its purpose, a substrate having 
a uniform and good oxide film in quality can be obtained. At least one of the cleaning units 7a, 7b, 
8a and 8b constitutes a cleaning section. 

[0038] Each of the transfer robots 4a, 4b has an articulated arm mounted on a carriage which is 
movable along the rail 3. The articulated arm is bendable in a horizontal plane. The articulated arm 
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has, on each of upper and lower portions thereof, two grippers that can act as dry and wet fingers. 
The transfer robot 4a operates to cover a region ranging from the reversing units 5, 6 to the wafer 
cassettes 2a, 2b, and the transfer robot 4b operates to cover a region ranging from the reversing units 
5, 6 to the pohshing units la, lb. 

[0039] The reversing units 5, 6 are required in the illustrated embodiment because of the wafer 
cassettes 2a, 2b which store semiconductor wafers with their surfaces, which are to be polished or 
have been polished, facing upwardly. However, the reversing units 5, 6 may be dispensed with if 
semiconductor wafers are stored in the wafer cassettes 2a, 2b with their surfaces, which are to be 
polished or have been polished, facing downwardly, and alternatively if the transfer robots 4a, 4b have 
a mechanism for reversing semiconductor wafers. In the illustrated embodiment, one of the reversing 
units 5, 6 serves to reverse a dry semiconductor wafer, and the other of the reversing units 5, 6 serves 
to reverse a wet semiconductor wafer. Further, the reversing units 5 and 6 may have a nozzle or 
nozzles for supplying pure water or anode electrolyzed water to the semiconductor wafer 20 when 
required, depending on the processing. 

[0040] Next, operation of the polishing apparatus having the above structure will be described below. 
[0041 ] The semiconductor wafers 20 to be polished are stored in the wafer cassettes 2a, 2b, and after 
all processing conditions are inputted in the polishing apparatus, the polishing apparatus starts an 
automatic operation. 

[0042] The processing flow in the automatic operation is as follows: 

[0043] a) The semiconductor wafers 20 to be polished are 2b are placed on the loading/unloading 
unit. 

[0044] b) The transfer robot 4a takes out the semiconductor wafer 20 from the wafer cassette 2a or 
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2b and conveys the semiconductor wafer 20 to the reversing unit 5. The reversing unit 5 reverses the 
semiconductor wafer 20 to cause a surface to be poUshed to face downwardly. 
[0045] c) The transfer robot 4b receives the semiconductor wafer 20 from the reversing unit 5, and 
transfers the semiconductor wafer 20 to the pusher 12 in the polishing unit la. 
[0046] d) In the polishing unit la, the top ring 13 holds the semiconductor wafer 20 under vacuum, 
and a primary polishing of the semiconductor wafer 20 is conducted. At this time, only the copper 
layer formed on the semiconductor wafer 20 is basically polished. It is conceivable that the primary 
polishing is conducted only for removing the copper layer and the barrier layer is used for a stopper, 
depending on the kind of slurry, i.e. polishing liquid. In this case, it is necessary to detect the barrier 
layer exposed to the outside in situ, i.e. during polishing. Such detection may be conducted by 
measuring the current of the motor rotating the turntable or the eddy current of a eddy current sensor 
incorporated in the top ring, or by incorporating an accelerometer or a temperature sensor for 
detecting the temperature of the turntable. 

[0047] e) After polishing of the semiconductor wafer 20 is completed, the semiconductor wafer 20 
held by the top ring 1 3 in the polishing unit la is returned to the pusher 1 2. Then, the semiconductor 
20 is received from the pusher 12 by the transfer robot 4b and transferred to the cleaning unit 7a. 
[0048] f) In the cleaning unit 7a, the front and back surfaces of the semiconductor wafer 20 are 
cleaned in a scrubbing cleaning process by the PVA (polyvinyl alcohol) sponge cleaning member 24a, 
24b. In the cleaning unit 7a, the scrubbing cleaning process is conducted using only pure water. The 
front and back surfaces of the semiconductor wafer 20 are simultaneously cleaned to remove the 
slurry, i.e. the polishing liquid attached to the semiconductor wafer 20 in the primary polishing. At 
this time, anode electrolyzed water or cathode electrolyzed water may be supplied to the 
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semiconductor wafer 20 by the electrolyzed water supply nozzles 25a, 25b, depending on the kind 
of slurry. Further, chemicals such as a surfactant, ammonia, or citric acid may be supplied to the 
semiconductor wafer 20 by a nozzle or nozzles (not shown). 

[0049] g) After cleaning of the semiconductor wafer 20 is completed, the semiconductor wafer 20 
is received from the cleaning unit 7a by the transfer robot 4b and transferred to the pusher 12 in the 
polishing unit lb. 

[0050] h) The semiconductor wafer 20 is held by the top ring 13 in the polishing unit lb under 
vacuum, and a secondary polishing of the semiconductor wafer 20 is carried out in the polishing unit 
lb. In many cases, the barrier layer is polished in the secondary polishing. This polishing is conducted 
using the ceramic turntable to stabilize the chemical polishing action. In this case, the end point of 
polishing is detected by the devices described in the step d). 

[0051] In the processing flow of the present invention, the surface of the semiconductor wafer 20 is 
oxidized by the anode electrolyzed water in the cleaning unit which conducts the cleaning process 
subsequent to the polishing process. Depending on the kind of oxidant in the secondary polishing 
process, an oxidant comprising, for example, anode electrolyzed water may be supplied to forcibly 
oxidize the surface of the copper layer on the semiconductor wafer 20 after stopping the supply of 
the slurry (polishing liquid). In this case, an electrolyzed water supply nozzle shown in FIG. 4 is 
provided in the polishing unit lb, which is the polishing section. 

[0052] i) After the polishing process is completed, the semiconductor wafer 20 is transferred to the 
pusher 12 by the top ring 1 3 in the polishing unit lb and received by the transfer robot 4b from the 
pusher 12. While the semiconductor wafer 20 is standing by above the pusher 12 during transfer to 
the pusher 12, anode electrolyzed water may be supplied to the semiconductor wafer 20 above the 
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pusher 12. 

[0053] j) The semiconductor wafer is transferred to the cleaning unit 7b by the transfer robot 4b, and 
the front and back surfaces of the semiconductor wafer 20 are cleaned in a scrubbing process by the 
cleaning unit 7b. In this case, first, the slurry (polishing liquid) is removed from the front and back 
surfaces of the semiconductor wafer 20 by scrubbing the surfaces of the semiconductor wafer 20 with 
the PVA sponge members 24a, 24b. At this time, pure water may be supplied, but anode electrolyzed 
water may be supplied from the outside or inside of each of the PVA sponge members to shorten the 
cleaning time. 

[0054] k) In either case in which pure water is supphed or is not supplied, next, anode electrolyzed 
water is supplied to the front and back surfaces of the semiconductor wafer 20 from the electrolyzed 
water supply nozzles 25a, 25b to oxide the surface of the copper layer on the semiconductor wafer 
20. At this time, it is desirable to use megasonic anode electrolyzed water produced by imparting 
ultrasonic vibrations to anode electrolyzed water by the ultrasonic transducer 26 to form 
copper-oxide film having a good quality. 

[0055] It is desirable to conduct an oxidation treatment as soon as possible after polishing, and hence 
the polishing apparatus has a structure such that electrolyzed water may be supplied to the substrate 
within five minutes after polishing. In this polishing apparatus, anode electrolyzed water may be 
supplied to both the surfaces of the semiconductor wafer 20. 

[0056] 1) Thereafter, DHF (diluted hydrofluoric acid) is supplied to the semiconductor wafer 20 to 
remove the oxide film on the semiconductor wafer 20. By this process, Cu adhesion is equal to or 
lower than 1 x 10" atoms/cm^ on the silicon surface of the semiconductor wafer 20. 
[0057] In the polishing apparatus of the present invention, the cleaning unit 7b has not only the 
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electrolyzed water supply nozzles 25a, 25b but also the DHF supply nozzles 26a, 26b so that DHF 
may be supplied to the semiconductor wafer 20 immediately after electrolyzed water is supplied to 
the semiconductor wafer 20. 

[0058] m) After removing the oxide film from the semiconductor wafer 20, the semiconductor wafer 
20 is received by the transfer robot 4b from the cleaning unit 7b and transferred to the reversing unit 
6. In the reversing unit 6, the semiconductor wafer 20 is reversed. 

[0059] n) The semiconductor wafer 20 is received by the transfer robot 4a from the reversing unit 
6, and transferred to the cleaning unit 8a or 8b. 

[0060] o) Thereafter, the semiconductor wafer 20 is dried by a spin-drying process, and received by 
the transfer robot 4a from the cleaning unit 8a or 8b and then returned to the wafer cassette 2a or 2b. 
[0061) In the above system, the copper layer on the substrate is polished in two-stage polishing, i.e. 
a primary polishing and a secondary polishing. However, from the standpoint of processing efficiency, 
if a slurry (polishing liquid) by which the copper layer on the substrate may be polished on a single 
polishing surface on a turntable is developed, then the steps from d) to g) in the steps from a) to o) 
may be eliminated. 

[0062] Therefore, the polishing apparatus can be operated by the polishing units la, lb not only in the 
above-described serial processing and but also in a parallel processing. 

[0063] In this case, the change of the processing may be performed not by replacing software but by 

operating a changeover switch on the operation board, 

[0064] A processing flow in the parallel processing is as follows: 

[0065] One semiconductor wafer 20 is processed in the following route: the wafer cassette 2a or 2b 
- the reversing device 5 - the polishing unit la - the cleaning unit 7a - the reversing unit 6 - the 
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cleaning unit 8a -* the wafer cassette 2a or 2b. 

[0066] The other semiconductor wafer 20 is processed in the following route: the wafer cassette 2a 
or 2b -* the reversing unit 5 - the polishing unit lb -* the cleaning unit 7b - the reversing unit 6 - the 
cleaning unit 8b -* the wafer cassette 2a or 2b. 

[0067] One of the reversing units 5 and 6 handles a dry semiconductor wafer, and the other of the 
reversing units 5 and 6 handles a wet semiconductor wafer in the same way as in the serial processing. 
The cleaning units disposed on either side of the transfer line may be used in the parallel processing. 
[00681 In the parallel processing, polishing conditions in the polishing units la, lb may be the same, 
and cleaning conditions in the cleaning units 8a, 8b may be the same. In the cleaning units 8a, 8b, after 
the semiconductor wafer 20 is cleaned and spin-dried, it is returned to the wafer cassette 2a or 2b. 
[0069] The polishing apparatus is housed in its entirety in a housing having an exhaust duct, and 
hence substrates to be processed are introduced into the polishing apparatus in a dry condition, and 
polished and cleaned substrates are removed from the polishing apparatus in a dry condition. Thus, 
the polishing apparatus may be of a dry-in and dry-out type for introducing therein substrates such 
as semiconductor wafers having a copper layer in a dry condition and removing therefrom polished 
and cleaned substrates having a copper wiring circuit in a dry condition. 

[0070] As described above, according to the present invention, after the copper layer (or film) formed 
on the substrate is polished, a layer (or film) having a stable quality can be obtained. Further, the 
substrate which has been polished can be returned to the wafer cassette without being contaminated 
with copper. 

[0071] Further, waste liquid generated ft-om electrolyzed water is extremely clean, compared with 
the case in which other chemicals are used, and therefore special treatment is not required and the 

16 



load on a waste liquid treatment facility can be reduced. 

[0072] Although certain preferred embodiments of the present invention have been shown and 
described in detail, it should be understood that various changes and modifications may be made 
therein without departing from the scope of the appended claims. 
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